Many molecular ecological and evolutionary studies sample wild populations at a single point in time, failing to consider that data they collect represents genetic variation from a potentially unrepresentative snapshot in time.
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Context of Study
Evolution can occur over relatively short periods of time, on the order of tens of years (Hendry and Kinnison 1999; Carroll et al. 2007) , and examples of rapid adaptive phenotypic evolution have been documented in a wide variety of species, including birds (Berthold et al. 1992; Grant and Grant 2002) , fish (Stearns 1983; Reznick et al. 1997; Hendry et al. 2000; Barrett 2008; Cureton and Broughton 2014), lizards (Losos et al. 1997) , insects (Turelli and Hoffmann 1995; Huey et al. 2000; Carroll et al. 2001) , zooplankton (Cousyn et al. 2001) , and plants (Franks et al. 2007 ). Both drift and selection can play important roles in changing allele frequencies over short timeframes, with drift's role being particularly pronounced in species with small effective population sizes.
Many of the studies of rapid evolution have focused on phenotypic change, rather than molecular change, and examine populations with small effective population sizes and/ or the adaptive history of species after introduction to a new habitat (Berry 1964; Johnston and Selander 1964; Williams and Moore 1989) . Since these phenotypic traits have a clear underlying genetic basis, molecular evolutionary changes in the genomes of these species must necessarily have resulted as well. However, rapid molecular evolution can also 2 occur quickly in populations with large effective population sizes via selection.
For instance, the spread of cytoplasmically transmitted Wolbachia microbes in Drosophila simulans caused a mitochondrial haplotype to spread quickly to high frequencies in natural populations in California in less than ten years (Turelli and Hoffmann 1995) .
Thus, commonly used diversity measurements employed in many molecular population genetic studies may change over short timeframes. Such changes could potentially confound studies that sample from natural populations, which tend to focus on spatial diversity measures (e.g. FST) at specific points in time as opposed to temporal diversity in single locales. This spatial-focused approach assumes that allelic variation within populations is stable over time, which may not be true given the idiosyncratic nature of natural selection and presence of genetic drift. Temporal allele frequency data can also help researchers monitor population demographic dynamics, such as growth and migration. If molecular evolutionary parameters change over short timeframes, conclusions gathered from studies of a single time point may not reflect historic evolutionary processes (Grant and Grant 2002) . Further, some studies detect the effects of natural selection across much of the genomes of species with large effective population sizes (Andolfatto 2005; Sella et al. 2009 ), which could suggest 3 that genetic parameters derived from particular timepoints are unrepresentative at many loci across the genome. While some studies assess temporal shifts in allele frequencies and consider the roles of selection and drift in causing these changes (Coletta-Filho et al. 2014; Holmes 2015; Lewontin et al. 1981 ), comparatively few examine temporal changes using DNA sequence data and site frequency spectra (e.g., Bergland et al. 2014 ).
Goal of Study
To better understand the temporal variation seen in species with large effective population sizes, we evaluate the stability of the frequently used evolutionary genetic parameters pi (nucleotide diversity) and Tajima's D in populations of Drosophila persimilis and Drosophila pseudoobscura collected sixteen years apart from the exact same site. Given that approximately one hundred generations separate our sample collections, these populations may differ in the genetic parameters assayed. We selected four random loci spanning the X chromosome and two loci within the mitochondrial genome as test cases. 
Materials and Methods

Fly Stocks
This study examines the genetic diversity seen in wild cohorts of 
Drosophila pseudoobscura and
DNA Prep, Amplification, and Sequencing
Genomic DNA from adult males of the D. pseudoobscura and D. persimilis cohorts was extracted using the single fly squish protocol (Gloor and Engels 1992) . Primers were designed to amplify approximately 800bp to 1kb regions of four X-linked loci (DPSX008, DPSX009, XLgrp1e, XRgrp8) and two mitochondrial loci (cytochrome oxidase subunit I and NADH dehydrogenase subunits 4 and 5) by PCR in 20µl reactions. See Supplementary Table 1 for primers. Sizes of the PCR products were confirmed on a 1% agarose gel, and samples were purified for sequencing using ExoSAP-IT (Affymetrix). Purified PCR products were 5 sequenced by Eton Bioscience. Sequences from this study can be found in the GenBank database under the accession numbers KM887512-KM887838.
We focused on X-linked and mitochondrial loci because amplifying them in male samples prevented the need for subcloning to distinguish heterozygotes.
For reference, the X-chromosome in these species comprises 40% of the overall genome and extends for over 200cM (Anderson 1993) . DPSX008 and DPSX009 are noncoding regions containing microsatellites that have been previously examined in Machado et al. (2002) (Rozas et al. 2003) was then used to calculate estimates of nucleotide diversity (pi) and Tajima's D. We also used this to calculate DXY as a measure of molecular differentiation between the timepoints within each species, as well as the number of segregating sites within each cohort and shared by both cohorts of each species. These estimates excluded sites where gaps in the sequence sets were found.
To better visualize the nature of the change in Tajima's D at the DPSX009 locus in D. pseudoobscura, we created a minimum spanning network (Fig 2) using PopART version 1.7 (http://popart.otago.ac.nz). We also performed a Fisher's Exact Test to assess the statistical significance of difference in the relative abundance of a haplotype group at DPSX009 in D. pseudoobscura (see Results section).
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To account for differences in sample size between the 1997 and 2013 cohorts and test statistical significance of the differences in pi between the timepoints or having a larger Dxy than expected by chance, we created a custom Perl script. This script uses the output file from the BioEdit Sequence difference count Matrix application to calculate pi and Dxy for both the 1997 and 2013 groups of sequences, followed by random sampling without replacement. It then randomly assigns sequences in the dataset to one of two groups, each the same size as the original 1997 and 2013 cohorts, calculates a new pi and Dxy, and assesses whether these measures are greater than the original pi and Dxy. We set the code to sample without replacement 10,000 times. The number of times the simulated Dxy and difference in pi between the 2013 and 1997 cohorts were greater than the original difference in pi and Dxy for each locus was recorded as our p value. This script was made flexible so that anyone can run it with their own custom datasets without having to modify the code. The script is available upon request. 
Results
We measured the genetic diversity across four X-linked (DPSX008, Given that our 1997 cohorts of D. persimilis and D. pseudoobscura had fewer samples than our 2013 cohorts, we needed to ensure that our genetic diversity measures were not skewed as a result of sampling error. Using our custom Perl script, we used random sampling without replacement to assess the statistical significance of the difference in pi and DXY amongst the 1997 and 2013 sequence sets. The number of times the simulated difference in pi or value of DXY was greater than the actual difference in pi or value of DXY in all six loci after sampling without replacement 10,000 times was documented as our p value. No significant differences in pi were found at any of the six loci (p value > 0.05), and only the DXY value at the DPSX008 locus in D. persimilis was found to be significantly greater than our randomized samples (p = 0.0094).
There are also no consistent trends in Tajima's D in D. pseudoobscura, but locus DPSX009 appears to have changed, as evidenced by its drastic switch from a negative to a positive Tajima's D value (Fig 1) . This finding can be explained by the increase of a set of related haplotypes spreading sometime between 1997 and 2013 in D. pseudoobscura (Fig 2) . These haplotypes have detectable linkage 
Discussion
Several studies have documented large phenotypic adaptive changes occurring in under 100 generations. For instance, Reznick et al. (1997) documented significant adaptive changes in various guppy life history traits in 4-11 years (less than 20 generations) when moved from a high-to low-predation environment. Similarly, adaptive but unpredictable morphological changes were described in two populations of Darwin's finches across 30 years of study (Grant and Grant 2002) . These examples highlight evolutionary changes to phenotypes with an underlying genetic basis, so presumably there were also molecular evolutionary changes associated with these phenotypes. However, we know of no tests for molecular evolutionary changes in species not exhibiting major morphological adaptations-how stable are molecular evolutionary parameters in species not known to be experiencing strong selection on particular phenotypes, and ones with large effective populations?
Here, we sample wild populations of Drosophila pseudoobscura and D.
persimilis separated by approximately one hundred generations and assess how much estimates of genetic diversity changed during this timeframe. These species presumably have large effective population sizes, and allele frequency changes would presumably be more likely to result from selection than drift 14 (Schaeffer 1995) . For all six loci examined, we observe very slight differences in measures of pi, allele frequency (as measured via DXY), and Tajima's D, with only one DXY value being significantly greater than under a model of no change. We initially sequenced X-chromosome and mitochondrial loci to distinguish between potential demographic and selective effects. However, we did not observe consistent changes among loci except with respect to the decrease in Tajima 
